Background: Neck flexion has been shown to increase cranial spread of contrast agent when a small fixed volume was injected into the high thoracic epidural space. The purpose of this study was to evaluate the effect of volume of contrast medium on its distribution through the high thoracic epidural space during neck extension and flexion using the rabbit model.
Introduction
Thoracic epidural anesthesia has been shown to induce adequate postoperative analgesia [1] and to be an alternative to general anesthesia in patients with impaired respiratory function [2] or those undergoing coronary artery bypass surgery [3, 4] , and its practice has accordingly increased [5] . But, if local anesthetics spread to cervical levels during high thoracic epidural anesthesia, a fatal phrenic nerve block can develop. Because of the anatomical differences between the lumbar and thoracic epidural space, the spreading pattern of local anesthetics can be different between for each epidural level [6] . It is important to understand the factors affecting the distribution of local anesthetics in the high thoracic epidural space in order to achieve safe and effective analgesia.
Although many factors have been identified which influence epidural spread of local anesthetics at the lumbar level [7] [8] [9] [10] [11] , only a few studies have been published on its spread in the thoracic epidural space. In the high thoracic epidural space, it was consistently shown that the cranial spread of local anesthetics is limited, and the caudal spread is facilitated [12, 13] . Recently, we have observed that this spreading pattern in the high thoracic epidural space can be affected by flexion and extension of the neck, with cranial spread increasing by neck flexion [14] . In that study, a small fixed volume of contrast medium was used. However, various doses of epidural agents are used in clinical practice. We therefore injected contrast medium in increments in the rabbit, and evaluated the effect of volume on the distribution of contrast medium in the high thoracic epidural space during neck extension and flexion.
Materials and Methods
The study protocol and experimental design were approved by the Institutional Animal Care Use Committee at our university hospital. Sixteen male conventional New Zealand white rabbits (2.4-2.6 kg) were used.
The study technique was based on the method from the previous paper [15] . Briefly, following intramuscular injection of xylazine (5 mg/kg) and ketamine (10 mg/kg), intubation was done and the rabbits were ventilated with an animal respirator (665, Harvard Apparatus, South Natick, MA, USA). Normal PaCO 2 (35-45 mmHg) was maintained by ventilator adjustments and rectal temperature was maintained at 37.0-39.0 o C using a heating lamp. With the rabbits in the prone position, the vertebral arches of T7 and T10 were surgically exposed and the spinous process of T8 was removed. After gentle elevation of the spinous process of T7 with forceps, the midline of the ligamentum flavum beneath the spinous process was carefully punctured with a round-tipped blunt hook. An end hole epidural catheter (19 G, 0.9 mm outer diameter, 0.1 ml priming volume, Portex, UK) was introduced into the epidural space. The catheter was advanced cranially until the tip of the catheter was located at T3-4 intervertebral level. The location of the catheter tip was confirmed using fluoroscopy with an injection of 0.1 ml of contrast medium (Iopamidol Ⓡ , Bracco SpA, Milan, Italy) to prime the epidural catheter, which was then fixed to the skin. While the rabbits were placed in the lateral decubitus position, the necks were extended (extension group, n = 8) or flexed (flexion group, n = 8) until a slight resistance was felt. After fixing the neck to that position, the contrast medium was injected via an epidural catheter. The contrast medium was injected with the volume increasing by increments of 0.1 ml/ kg up to a maximum of 0.3 ml/kg. The cranial or caudal spread of contrast medium from the catheter tip was determined by counting the number of spinal bodies contacted by contrast medium using lateral epidurographic images acquired 30 sec after each injection, and the next injection followed immediately. Spread from the intervertebral level to the midline of the next vertebral body was counted as 0.5 vertebral body unit (VBU), and spread from one intervertebral level to the next was counted as 1 VBU.
Radiographic spread data were expressed as median (interquartile range) [range] . The Mann-Whitney Rank sum test was used to compare the spread between the groups. A P < 0.05 was considered statistically significant.
Results
The epidural catheter tip was located at the T3-4 intervertebral level in all rabbits. Fig. 1 shows representative radiographs of the position of the neck.
The cranial spread was greater in the flexion group than the extension group at the doses tested (Fig. 2) (P < 0.05). In the extension group, the median radiographic spread to the cranial direction was 3.5 VBU (2.6-3. On the contrary, caudal spread was greater in the extension group than the flexion group at the doses tested ( In the extension group, the contrast medium spread caudally about twice (1.7-2.1 times) as far as it spread cranially (P < 0.01). However, in the flexion group, there was no statistically significant difference between cranial and caudal spread. The total spread of the contrast medium was similar between the two groups at the doses tested (Table 1) .
Discussion
In this study, neck flexion increased cranial spread of contrast medium injected into the high thoracic epidural space in accordance with our previous report [14] , and this spreading pattern was consistently shown at all the doses of contrast medium used. The total spread of contrast medium was similar between the two groups. At the lumbar level, spinal flexion increases the size of the spinal canal [16] , and dorsal epidural pressure increases with neck extension, while decreasing with flexion [17] . It was also reported at the cervical level that the distance between the spinal cord and the posterior arch of the cervical canal is increased by neck flexion and decreased by neck extension [18] . Therefore, if cervical epidural pressure decreases with neck flexion and increases with neck extension, as lumbar epidural pressure does, cranial spread can be augmented by neck flexion and disturbed by neck extension, as shown in this study.
In contrast to the cranial spread, the caudal spread was augmented during the extension of the neck. However, in the previous human study, no difference was found in caudal Cranial spread was greater in the flexion group, while caudal spread was greater in the extension group, *P < 0.05 versus the extension and flexion groups. Data are shown as box-and-whisker plots (10th percentile, 25th percentile, median, 75th percentile, 90th percentile). Cranial spread is expressed as positive values on the vertical axis, and caudal as negative values.
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Vol. 59, No. 2, August 2010 spread during the different neck postures [14] . The reason for this discrepancy may be due to the different definitions of the neck extension. We may have hyperextended the neck, while in the previous study, neck extension was accomplished by asking the patients to tilt the head back until the face became vertically disposed to the trunk. Thus, the possible increase of the dorsal epidural pressure caused by the neck extension in our study could be more significant than that in the human study, so as to lead to more caudal spread. However, the possibility also exists that excessive neck flexion in the previous study may have decreased the drainage of jugular veins, which increases intracranial pressure and consequently, epidural pressure [19, 20] . Various doses of local anesthetics can be injected into thoracic epidural space. A bolus of 2% lidocaine, 12-14 ml, for instance, was instilled into the high thoracic epidural space during the epidural anesthesia for the breast procedure [21, 22] . Although there are many factors that may influence the spread in the epidural space, the volume of 14 ml is approximately 0.2 ml/kg for a body weight of 70 kg. In our study, contrast agents were administered up to 0.3 ml/kg. However, injecting an extremely large volume of contrast medium, of which viscosity is significantly higher than that of local anesthetics, might cause a transient pressure of the spinal cord [13] . Thus, we used an animal model in order to include large volume. The rabbit model was chosen for its adequate size, relative ease of its epidural puncture [23] , and its comparable anatomy of rabbit cervical spine to that of the human [24] . Also, the previous epidural injection study using rabbit showed a similar spreading pattern to that of human when the injection sites were at the mid-or lower thoracic level [15] .
This study might suggest that neck flexion may cause unintentional cervical block during high thoracic epidural anesthesia in clinical situations. However, because of the anatomic and physiologic factors, such as absorptive surface area-to-volume relationships and relative amounts of epidural adipose tissue [25] , extreme caution is required to extrapolate the results from animal models to the human.
In conclusion, in the high thoracic epidural space of rabbit, the contrast medium administered in varying doses showed limited cranial spread during neck extension. The flexion of the neck increased cranial spread and extension of the neck increased caudal spread at all the doses of contrast medium used.
